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Sir: 

I, Eiji Tsuru, declare and state as follows. 

I am a citizen of Japan residing in Nagano-ken, Japan. 

I graduated and got a master's degree in the chemistry 
(organic chemistry) from Osaka City University, Graduate School 
of Science in March of 1998. 

From April of 1998, I have been employed by KISSEI 
PHARMACEUTICAL CO., LTD, and I have been engaged in studies on 
the analytical development, and on the determination of the 
physicochemical properties of a chemical compound, 
pharmaceutical^ acceptable salts thereof and crystalline forms 
thereof, and so on. 

I am one of co-inventors of the above-identified patent 
application, so, I am familiar with the invention thereof. 



DECLARATION UNDER 37 C.F.R. 1.132 
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In order to demonstrate novelty and un-obviousness of the 
present invention I will explain the present invention and the 
prior arts in detail as follows. 

The present invention relates to a crystal for an oral solid 
medicament of an indoline compound of the formula: 



HO 

(KMD-3213, herein after defined as KMD-3213) 

which shows an X-ray powder diffraction pattern characterized by 
main peaks of 5.5°± 0.2°, 6.1°± 0.2°, 9.8°+ 0.2°, 11.1°± 0.2°, 
12.2°± 0.2% 16.4°± 0.2°, 19.7°+ 0.2°and 20.0°± 0.2°as 20, 
and wherein said medicament is a medicament for dysuria treatment . 

Prior to I was employed by KISSEI PHARMACEUTICAL CO., LTD, 
Mr. Kitazawa et al. had been engaged in studies on the research 
and development of a therapeutic agent for the treatment of 
dysuria and they found out that an indoline compound including 
KMD-3213 is useful for the treatment of dysuria and file an patent 
application for said invention to the Patent Offices in many 
countries and to the U.S.P.T.O (U.S. Patent 5,387,603; herein 
after defined as Kitazawa) claiming the priority right based on 
the Japanese patent application which disclosed as Literature 1 
in the present specification. 

Kitazawa disclosed the general process for the production 
of said indoline compounds in the specification and disclosed 
physicochemical properties of KMD-3213 in the Table of Example 
2 as compound No. 4 0 at column 49. 

For the reference, I will show the synthetic route of 
KMD-3213 based on the general process for the production of said 



H 
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indoline compounds of Kitazawa (Literature 1) in Fig.l. 

And further, Mr. Ya.nagishi et al. also had been engaged in 
studies on the research and development of a therapeutic agent 
for the treatment of dysuria and they found out that an indole 
compound which is prepared from an indoline compound of Kitazawa 
is useful too for the treatment of dysuria and file an patent 
application for said invention to the J. P.O. (JP 07-330726A; 
herein after defined as Yamagishi) 

Yamagishi disclosed the general process for the production 
of an indoline compounds as a synthetic intermediate of said 
indole compound in the specification and disclosed an actual 
preparing method of KMD-3213 and physi cochemical properties 
thereof in the Reference Example 30 on paragraphs [0184] and 
[0185] . 

For the reference, I will show the synthetic route of 
KMD-3213 based on the disclosure of Yaniayishi mentioned above in 
Fig, 2 . 

After said findings, biological researchers of the central 
laboratory of KISSEI PHARMACEUTICAL CO. , LTD had studied hard to 
find out a preferable candidate as an active ingredient of a 
medicament for dysuria and they considered that KMD-3213 can be 
employed as one of a preferable candidate. 

On the other hand, chemical researchers of the industrial 
chemistry group of the central laboratory of KISSEI 
PHARMACEUTICAL CO., LTD had studied hard to find out other 
preparing methods of an indoline compound including KMD-3213 more 
preferable for the industrial production than the methods of 
Kitazawa and Yamagishi and as a result they found out and 
established a convenient preparing method thereof (herein after 
defined as the improved method) on about May of 1996. After said 
establishment, said chemical researchers had been prepared 
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KMD-3213 only by said improved method and stocked it to provide 
for the many kinds of Experiment. 

With regard to said improved method, our company decided 
to keep said improved method a secret form as a know-haw for a 
period of time, therefore,- said chemical researchers did not file 
a patent application for said invention to the Patent Offices at 
that time. And further, we, present inventors did not attend to 
the difference of the production method of crude crystals of 
KMD-3213 when we carried out an experiment of the polymorphism 
of KMD-3213, accordingly, we, present inventors did not disclosed 
in the present specification regarding to the production method 
of KMD-3213 said improved method, but disclosed the preparing 
method of Literature l[K:Ltazawa] which is the first literature 
had been opened to public as an example of a preparing method of 
KMD-3213, that is, as follows that " [KMD-3213] can be prepared 
by the procedure described in the above Literature 1" (page 9, 
lin. 4-5). 

For the reference, I will show the synthetic route of 
KMD-3213 of the improved method in fig. 3. 

From July of 2001, I had been engaged in studies on an 
examination of the polymorphism of KMD-3213 using a crude crystal 
of KMD-3213 which is prepared by said improved method and being 
stocked, together with o~her co-inventors, Mr. Michio Toda and 
Mr. Kazuma Hirata. 

As a result, we, present inventors found out there were at 
least three crystalline forms, that is, a-form, (S-form and y~ form 
crystals of KMD-3213 (page 5, lin. 11-12) and the a-form crystal 
is the most preferable for an oral solid medicament (page 7, lin. 
16-18) . 

And we found out that the a-form crystal of KMD-3213 can 
be prepared by dissolving a crude crystal thereof in an 
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appropriate amount of a rei-crystalJ ization solvent such as ethyl 
acetate, ethyl formate, acetone, methyl ethyl ketone, 
acetonitrile, tetrahydrorluran or a mixed solvent of acetone and 
acetonitrile mixture (1:1), preferably ethyl acetate with heating 
and then allowing the resulting solution to stand at room 
temperature for precipitate a crystal gradually, and further that 
the (S-form crystal of KMD-3213 can be prepared by dissolving said 
crude crystal thereof in an appropriate amount of methanol under 
heating and then add a poor solvent such as petroleum ether to 
the solution and vigorously stir to precipitate a crystal forcibly 
and suddenly (page 5, lin. .24-35) . 

Furthermore, we carried out an analysis X-ray powder 
diffraction which is generally employed as a method for 
determining crystal as disclosed as follows: 

"X-ray diffraction is a standard method for determining 
crystal structure and the relative positions of atoms in 
crystals. " 

(Attached Paper 1: 
http : //x2d . phys . emu . edu/ polymorph , html ) 

"Demonstration of a nonequivalent structure by single 
crystal X-ray diffraction is currently regarded as the definitive 
evidence of polymorphism. X-ray powder diffraction can also be 
used to supports the existence of polymorphs. " 

(Attached Paper 2: "Guidance for Industry ANDAs: 
Pharmaceutical Solid Polymorphism, Chapter III, B. 
Characterization of Polymorphism" 
http://www.fda.gov/cder/guidance/6154dft .pdf ) 

And we found out that the a-form crystal and the (5-form 
crystal exhibit different X-ray powder diffraction pattern and 
showed each pattern as shows in Fig.l and Fig. 2 in the present 
specification, as stated as follows: (Da crystal characterized 
by main peaks of 5.5°± 0.2°, 6.1°±0.2°, 9.8°±0.2°, 11.1°+ 0.2°, 
12.2°± 0.2°, 16.4°± 0.2°, 19.7°± 0.2°and 20.0°± 0.2°as 29 (the 
a-form crystal); (2) a crystal characterized by main peaks of 
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7.0°±0.2°, 12.5°±0.2°, 18.5°±0.2°, 19.S*±0.2°, 20 . 7 °± 0 . 2 °and 
21.1°± 0.2°as 29 (the p-torm crystal), (page 5, lines 11-19) 

For the reconfirmation of said analytical results, I now 
prepared a-f orm crystal and p-form crystal of KMD-3213 again using 
a crude crystal of KMD-3213 which is prepared by said improved 
method and being stocked c.nd determined X-ray powder diffraction 
thereof. 

As stated above, in the present specification, it is however 
disclosed with regard to the preparing method of a crude crystal 
of KMD-3213 as xx [KMD-3213] is a known compound and, for example, 
can be prepared by the procedure described in the above Literature 
1" (page 9, lin. 4-5), however in the experiment of Example 1-3 
in the present application, we employed a crude crystal of 
KMD-3213 which had been prepared according to the synthetic route 
of the improved method. Since after chemical researchers of our 
company, KISSEI PHARMACEUTICAL CO. , LTD, had been established on 
about May of 1996, they had been prepared KMD-3213 only by said 
improved method and stoc<ed it. Accordingly, in the present 
experiment, we employed a crude crystal of KMD-3213 which had been 
prepared according to the improved method showed in Fig. 3. 

For the reference, I showed the X-ray powder diffraction 
pattern of the a-f orm crystal and the p-form crystal in Fig. 4 and 
Fig, 6. 

As can be seen from E'ig.4 and Fig. 6 with compared with Fig.l 
(a-f orm) and Fig. 2 (p-form) in the present specification, the 
X-ray powder diffraction pattern of Fig. 4 is identical to the 
pattern of Fig.l (a-form) in the present specification and the 
X-ray powder diffraction pattern of Fig. 6 is identical to the 
pattern of Fig. 2 (P-form) in the present specification. 

And further, from the detection of the main peaks of Fig. 4 
and Fig. 6, I confirmed that the main peaks of X-ray powder 
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diffraction pattern of the a-form crystal and the p-form crystal 
are identical to the main peaks ot the a-form crystal (page 5, 
lin. 14-17) and the p-fo:rm crystal (page 5, lin. 17-19) in the 
present specification. 

That is, the main peaks of X-ray powder diffraction pattern 
of the a-form crystal are 5.4% 6.0°, 9.7°, 11. 0°, 12.1°, 16.3% 
19.6°and 19.8°as 20 (Fig. 5), and the main peaks of the p-form 
crystal are 7.0°, 12.4% 18.5% 19.5% 20.7°and 21.1°as 29 
(Fig. 7) . 

For the reference, :: will show each main peaks of the a-form 
crystal and the p-form crystal in the present specification 
(defined as Specification) and our now results (defined as Tsuru) 
in Table 1 as below. 



Table 1 



Reference 


Crystal 
form 


main peaks of X-ray powder diffraction 
pattern (20) 


Specification 
(Fig.l) 


a-form 


5.5°± 0.2% 6.1 w ± 0.2% 9.8°± 0.2% 
U.l°±0.2% 12.2°±0.2% 16.4°±0.2% 
19.7°± 0.2°and 20.0°± 0.2° 


Tsuru 

(Fig. 4, Fig. 5) 


a-form 


5.4% 6.0% 9.7% 11.0% 12.1% 16.3% 
19.6°and 19.8° 


Specification 
(Fig. 2) 


a-form 


7.0°± 0.2% 12.5°± 0.2% 18.5°± 0.2% 
19.5°±0.2% 20.7°± 0.2°and21.1°± 0.2° 


Tsuru 

(Fig. 6, Fig. 7) 


p-form 


7.0% 12.4% 18.5% 19.5% 20.7° and 
21.1° 



Therefore, it is sure that I correctly prepared a-form 
crystal and p-form crystal of KMD-3213. 

Furthermore, I determined infrared spectrum (IR) of said 
a-form crystal and p-form crystal according to the KBr disk method. 
And I found out that the a-form crystal snows an IR spectrum in 
the determination on the KBr disk method characterized by 
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distinctive peaks of about 3482, 3336 and 1653 as wave number (cm" 1 ) 
showed in Fig. 8, and furtner I found out that the p-form crystal 
shows an IR spectrum in the determination on the KBr disk method 
characterized by distinctive peaks of about 3384, 3202 and 1636 
as wave number (cm -1 ) showed in Fig. 9. 

As stated above, KLtazawa does not disclosed the detail 
method for the production of KMD-3213, but merely disclosed 
physicochemical properties thereof in the Table of Example 2, 
compound No. 40 at column 4 9, and in where disclosed as IR (cm" 1 ) 
peaks that of 3388 (NH, OH), 3202 (NH) and 1637 (C=0) . 

And, Yamagishi disclosed the actual method for the 
production of KMD-3213 and physicochemical properties thereof in 
the Reference Example 30 on paragraphs [0184] and [0185], and in 
where disclosed as IR (KBr) peaks that of vNH, OH 3388 cm" 1 , vNH 
3202 cm" 1 and vC=0 1637 cm" 1 . 

And further, as can be seen from Fig. 8 and Fig. 9, the a-form 
crystal of KMD-3213 instant prepared shows distinctive peaks of 
about 3482 cm" 1 , 3336 cm" 1 and 1653 cm" 1 as peaks of IR (KBr), and 
the p-form crystal of KMD-3213 instant prepared shows distinctive 
peaks of about 3384 cm" 1 , 3202 cm' 1 and 1636 cm" 1 as peaks of IR 
(KBr) . 

For the reference, I will show each IR (KBr) peaks of 
KMD-3213 in Kitazawa, Yamagishi and our now results (defined as 
Tsuru) mentioned above in Table 2 as below. 



Table 2 



Reference 


Crystal form 


IR (KBr) peaks (cm" 1 ) 


Kitazawa (Ex.2, Comp. 40) 




3388, 3202, 1637 


Yamagishi (Ref. Ex. 30) 




3388, 3202, 1637 


Tsuru (Fig. 8) 


a-form 


3482, 3336, 1653 


Tsuru (Fig. 9) 


p-form 


3384, 3202, 1636 
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The infrared spectrum (IR) is helpful to characterize 
polymorphic forms as stated as follows: 

"X-ray powder diffraction can also be used to supports the 
existence of polymorphs. Other methods, including microscopy, 
thermal analysis {e.g., differential scanning calorimetry, 
thermal gravimetric analysis, and hot-stage microscopy), and 
spectroscopy (e.g., infrared [IR], Raman, solid-state nuclear 
magnetic resonance [ssNMR] ) are helpful to further characterize 
polymorphic forms . " 

(Attached Paper 2 -."Guidance for Industry ANDAs: 
Pharmaceutical Solid Polymorphism, Chapter III, B. 
Characterization of Polymorphism 7 ' 
http: //www. fda.gov/cder/ gu idance/6154df t .pdf ) 

Therefore, if an IR spectrum of a crystal is identical the 
IR spectrum of the X-crystal form, it is concluded that said 
crystal is the X-crystal form. 

As can be seen fron IR peaks of Table 2, the IR spectrum 
pattern of both crystal of KMD-3213 of Kitazawa (hereinafter 
defined as Kitazawa crystal) and of Yamagishi (hereinafter 
defined as Yamagishi crystal) are identical to the IR spectrum 
pattern of Tsuru p-form (Fig. 9). Accordingly, from said IR (KBr) 
spectrum, it can be concluded that crystals of Kitazawa and 
Yamagishi are both the p-form crystal. 

Regarding to Claim 1, the Examiner stated as follows: 
Yamagishi et al. teach a compound of formula: where R is 
hydroxypropyl, Rl and R2 are hydrogen, and R3 is trif luoroethyl 
(KMD-3213), and its crystallization. (Page 4, line 2-3) 

Yamagishi et al. do not teach the X-ray diffraction pattern 
of their crystals or the explicit crystallization using the method 
described in page 5, lines 24-29 of the specification. (Page 4, 
lines 7-9) 

Yamagishi et al. teach the dissolving of crude crystals 
in heated ethyl acetate, and allowing the solution to stand at 

9 
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room temperature. (Page 4, lines 11-12) 

Williamson teaches the gradual cooling of a heated 
saturated solution to rooit temperature to induce crystallization. 
(Page 4, lines 14-15) 

Therefore, it would have been obvious to one of ordinary 
skill in the art at the time the claimed invention was made to 
take the procedure of Yanagishi et al . and use the guidance of 
Williamson to make the crystals of the instant invention, with 
a reasonable expectation of success. Since the crystals are 
prepared in the same manner as that of the instant application 
on page 5, lines 24-29 of the specification, the crystals made 
in this manner inherently have the same X-ray diffraction pattern 
as that of the instant invention. (Page 4, line 16 to Page 5, line 
19) 

The Examiner's statements appear to be based on the fact 
that the Yamagishi crystals were obtained using hot ethyl acetate 
as a crystallization solvent which is similar to the method for 
preparing the a-form crystal of the present invention, and thus 
Yamagishi inherently would have formed the a-form. The 
conclusion is not supported by the data, as I explain herein, 
rather, Yamagishi in fact obtained the p-form crystal. 

However as stated above, it should be concluded that 
Yamagishi crystal is the p-form because IR (KBr) peaks of 
Yamagishi crystal are identical to that of the p-form of Tsuru 
crystal, Fig. 9. 

That is, Kitazawa and Yamagishi however teach a crystal of 
KMD-3213, however they teach the crystal of KMD-3213 which shows 
IR (KBr) peaks that of vNH, OH 3388 cm" 1 , vNH 3202 cm" 1 and vOO 
1637 cm" 1 which should be concluded the p-form crystal of KMD-3213. 

Therefore, it is considered that Yamagishi neither taught 
nor suggested the crystal of present claimed invention, that is 
the or-form crystal of KMD-3213 whatever, based upon the fact that 
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all data clearly support Yamagishi obtained the p-form crystal 
of KMD-3213. 

It is not clear a reason of why Yamagishi et al. obtained 
the p-form crystal of KMD-3213 though using ethyl acetate as a 
re-crystallization solvent same as a re-crystallization solvent 
in the present invention method for preparing of the a-form 
crystal in Example 1. 

Logically, however, if Yamagishi et al had obtained the 
a-form crystal of KMD-32!.3, upon the use of ethyl acetate as a 
re-crystallization solvent, the same as a re-crystallization 
solvent in the present invention, one would expect that the a-form 
crystal of KMD-3213 would be obtained, and, in fact, I would have 
expected the a-form crystiil of KMD-3213 be obtained upon treating 
the crude crystals formed in accordance with Yamagishi et al. 
However, the data I have generated in the preparation in this 
Declaration show is not nhe case. 

With regard to a reason of why Yamagishi et al. obtained 
the p-form crystal of KMD-3213 though using ethyl acetate as a 
re-crystallization solvent same as a re-crystallization solvent 
in the present invention method, it is not clear, however it can 
be suspected as an uncertain factor that the difference of the 
synthetic route of KMD-3213. 

As can be seen from Fig.l and Fig. 3, the synthetic route 
of Yamagishi et al (Fig. 2) is different from the improved method 
(Fig. 3) in the number of the manufacturing process and a synthetic 
intermediate in each manufacturing process. Therefore, there is 
a difference in the contaminated substances between crude crystal 
of KMD-3213 of Yamagishi and that of the improved method. 

It is also not clear a reason of why Kitazawa et al. obtained 
the P-form crystal of KMC-3213, Kitazawa does not disclosed an 
actual method for the production of KMD- 3213 and a method to 
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re-crystallization, therefore it can be suspected as an uncertain 
factor that the difference of the detail condition for 
re-crystallization and so on. 

On the other hand, it is well known that polymorphism have 
not been understood well for example as reported as follows: 

"Despite the potential implications polymorphism is not 
always well understood." 

"Crystal Polymorphs can disappear. There have been cases 
of individual laboratories growing one crystal form. They then 
grow a different crystal form, and are unable to make the first 
form again. Alternatively, they find that they can make the first 
form again but it now converts to the second form over time." 

(Attached Paper 3: 
http: //en. wikipedia . org/ di ki/Polymorphi s rn %28materials scienc 
e%29 

It is also reported as follows: 
"A recent analysis by Bernstein and Dunitz[10] has 
highlighted this issue by documenting a number of so-called 
"disappearing polymotphs", i.e., sudden appearances of new 
structures or the unexplained disappearances of existing ones. 
Such examples are almost certainly mirrored (although not 
documented) by industrial practice and one can only speculate at 
the disastrous consequences of a sudden unexplained switch of 
polymorph during the isolation of a high value specialty product. " 

"There are a number of examples in which polymorphic 
molecules change crystal structure under processing condition 
while in contact with liquids or solid materials. In these 
environments, it is difficult to apply standard techniques to 
identify and predict the transformations. Furthermore, little is 
known about how to control polymorphic forms." 

(Attached Paper 1: 
h ttp : //x2d . phvs . emu . edu/pol ymorph . html ) 

Accordingly, it may be considered that the difference 
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between Yamagishi crystaLs and Tsuru a-forrn crystals caused by 
an unknown factor or series of factors. 

As stated above, it however is not clear a reason of why 
Yamagishi et al. obtained the (J-form crystal of KMD-3213, however 
it is sure that Yamagishi never teach the a-form crystal of 
KMD-3213 whatever, but merely teach the £-form crystal of 
KMD-3213. 

Therefore, I believe that the Examiner's statement based 
on an incorrect speculation should be withdrawn. 

Regarding to Claim 2-17, the Examiner stated as follows: 
Yamagishi et al. tttach a compound of formula: where R is 
hydroxypropyl, Rl and R2 are hydrogen, and R3 is 
trifluoroethyl (KMD-3213) , and its crystallization. (Page 5, line 
3-2 from the bottom) 

Yamagishi et al. do not teach the X-r.dy diffraction pattern 
of their crystals or the explicit crystallization using the method 
described in page 5, lines 24-29 of the specification. (Page 6, 
lines 3-5) 

Yamagishi et al. teach the dissolving of crude crystals 
in heated ethyl acetate, and allowing the solution to stand at 
room temperature. (Page 6, lines 7-8) 

Williamson teaches the gradual cooling of a heated 
saturated solution to room temperature to induce crystallization. 
(Page 6, lines 10-11) 

Kitazawa et al. tenches a pharmaceutical composition 
containing as an active ingredient the compound of Yamagishi et 
al. (Page 6, lines 13-14) 

Therefore, it would have been obvious to one of ordinary 
skill in the art at the time the claimed invention was made to 
take the procedure of Yamagishi et al. and use the guidance of 
Williamson to make the crystals of the instant invention, and 
convert to any pharmaceutical composition with the instant 
invention as an active ingredient as taught by Kitazawa et al., 
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with a reasonable expectation of success. Since the crystals are 
prepared in the same manner as that of the instant application 
on page 5, lines 24-29 of the specification, the crystals made 
in this manner inherently have the same X-ray diffraction pattern 
as that of the instant invention. (Page 6, line 15 to the bottom 
line) 

The Examiner's statements also appear to be based on the 
fact that the Yamagishi crystals were obtained using hot ethyl 
acetate as a crystallization solvent which is similar to the 
method for preparing the a-f orm of the present invention, and thus 
Yamagishi inherently wouLd have formed the a-form. The 
conclusion is not supported by the data, as I explain, rather, 
Yamagishi in fact obtasined the p-f orm crystal as opposed to Tsuru 
obtaining the a-form crystal. 

However as stated above, it should be concluded that 
Yamagishi crystal is the p-forro. Therefore, it is considered that 
Yamagishi neither taught nor suggested the crystals of present 
claimed invention, that is the a-form crystal of KMD-3213 whatever, 
but merely teach the [i-form crystal of KMD-3213. 

The Examiner stated as that "it would have been obvious to 
one of ordinary skill in the art at the time the claimed invention 
was made to take the procedure of Yamagishi et al. and use the 
guidance of Williamson to make the crystals of the instant 
invention", however Williamson merely teach the general method 
of the process of crystallization, such as choosing the solvent, 
dissolving the solute, decolorizing the solution, removing 
suspended solids, crystallizing the solute, collecting and 
washing the crystals, and drying the product. 

As stated above, though Yamagishi employed the same solvent, 
ethyl acetate, as a re-crystallization solvent as the present 
invention and according to the similar method of crystallizing 
the solute, that is, the dissolving of crude crystals in heated 
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ethyl acetate, and allowing the solution to stand at room 
temperature, however Yamagishl obtained the p-form crystal . And 
it is not clear a reason of why Yamagishi et al. obtained the (J-form 
crystal. 

Accordingly, I believe that it had never been obvious to 
one of ordinary skill in the art at the time the claimed invention 
was made to take the procedure of Yamagishi et al. and use the 
guidance of Williamson to make the crystals of the instant 
invention whatever. 

Furthermore, Kitazawa neither teach nor suggest an actual 
formulation of a pharmaceutical composition comprising as an 
active ingredient a-form crystal of KMD-3213 whatever. Kitazawa 
merely teach a pharmaceutical composition containing an indoline 
compound including KMD-3213 as an active ingredient conceptually. 

It is well known that polymorphism affect on the 
bioavailability of the drug, and on processing of the drug for 
example as reported as follows: 

"Polymorphic forms of a drug substance can have different 
chemical and physical properties, including melting point, 
chemical reactivity, apparent solubility, dissolution rate, 
optical and mechanical properties, vapor pressure, and density. 
These properties can have a direct effect on the ability to process 
and/or manufacture the drug substance and the drug product, as 
well as on quality, safety, and efficacy of the drug product." 

"The solid-state properties of a drug substance can have 
a significant influence on the solubility of the drug substance. 
Since polymorphic forms differ in their internal solid-state 
structure, a drug substance that exists in various polymorphic 
forms can have different aqueous solubilities and dissolution 
rates. " 

"Drug substance polymorphic forms can also exhibit 
different physical and mechanical properties, including 
hygroscopicity, particle shape, density, flowability, and 
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compactibility, which in turn may affect processing of the drug 
substance and/or manufacturing of the drug product. " 

"Polymorphs can have different physical and chemical 
(reactivity) properties. The most stable polymorphic form of a 
drug substance is often chosen during development based on the 
minimal potential for conversion to another polymorphic form and 
on its greater chemical stability. " 

"Nonetheless, because drug product stability is affected 
by a multitude of other factors, including formulation, 
manufacturing process, and packaging, it is the stability of the 
drug product, and not stability of the drug substance polymorphic 
form that should be the most relevant measure of drug quality." 

(Attached Paper 2: "Guidance for Industry ANDAs: 
Pharmaceutical Solid Polymorphism, Chapter III, A. Importance of 
Pharmaceutical Solid Polymorphism, and C. Influence of 
Polymorphism on Drug Substance and Drug Product" 
http: //www. fda ■ gov/cder/guidance/6154 d f t . pdf ) 

As can be seen from the disclosure above, since polymorphs 
maybe affect on solubility, dissolution rate, stability and so 
on of the drug product, if there are some polymorphs it is need 
to carry out many experiments for formulate a preferable 
composition to each polymorphs. Accordingly, even if a 
pharmaceutical composition comprising a chemical compound as an 
active ingredient and the general method for the production 
thereof were disclosed generally, it can neither teach nor suggest 
a preferable pharmaceutical composition comprising a specific 
polymorphs of said chemical compound as an active ingredient and 
the actual method for the production thereof whatsoever. 

Kitazawa never disclosed a formula of a pharmaceutical 
composition comprising a-form crystal of KMD-3213 as an active 
ingredient nor a method for the production thereof but mealy 
disclosed a pharmaceutical composition comprising a chemical 
compound including KMD-3213 as an active ingredient and the 
general method for the production of a pharmaceutical 
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composition. 



Therefore, I believe that the present crystal and the 
present medicament are novel and are never obviously from the 
prior art whatever. 

I declare further that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or 
both, under Section 1001 of the Title 18 of the United States Code 
and such willful false statements may jeopardize the validity of 
the application or any patent issuing thereon. 



Date Eiji Tsuru 
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Synthetic route of KMD-3213 (crude crystal) of USP 5,387,603 (Kitazawa et al) 
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Fig. 2 



Synthetic route of KMD-3213 (crude crystal) of Ref. Ex. 30 of JP 07-330 /26A (Yamagishi et al) 
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Fig. 3 

Synthetic route of KMLV321 3 (crude crystal) of present Example 1-3 
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Fig. 7 
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CMU Seed Fund Project on 
Detection and Control of Pharmaceutical Polymorphism 

Project Description 

_ interdisciplinary project involving Physics and Chemical Engineering faculty. R. M. Suter (Physics) is the nominal PI; 
is to oversee the application of recently developed x-ray microscopy techniques to a new area of research. The x-ray 
techniques thus tar have been applied only to polycrystalline metals; this project will open up a new field of application and will 
address an important need in the pharmaceutical field. Chemical Engineers T. Przvbvcien. J. W. Schneider, D. Sholl, and RJ1 
Tilton will develop appropriate samples and guide the experimental work to optimize its impact on the pharmaceutical industry. 
The group is structured to be able to apply complementary experimental and theoretical techniques to the problem and, thus, to be 
able to compete for future industrial and federal funding. 



A. Significance of polymorphism. 

Simple materials, when cooled into the solid state, crystallize into a specific crystal structure. Polymorphism is the propensity of a 
substance to crystallize into more than one crystal structure. Complex molecules used by the pharmaceutical industry tend to form 
polymorphs; these are typically distinguished by different molecular conformations in the crystal. X-ray diffraction is a standard 
method for determining crystal structures and the relative positions of atoms in crystals. 

Many drugs are administered in crystalline form. The Food and Drug Administration approves such drugs only in a specific 
crystal structure or polymorph. Different polymorphs have different solubilities, different residence times in the body and different 
therapeutic values. This presents a significant problem to the pharmaceutical industry, as is made clear by the following [1]: 

"A recent analysis by Bernstein and Dunitz[10] has highlighted this issue by documenting a number of so-called "disappearing 
polymorphs", i.e., sudden appearances of new structures or the unexplained disappearances of existing ones. Such examples are 
almost certainly mirrored (although not documented) by industrial practice and one can only speculate at the disastrous 
consequences of a sudden unexplained switch of polymorph during the isolation of a high value specialty product." 

A recent patent case, based on the discovery of new polymorphic forms of Zantac, illustrates another facet of the importance of 
understanding and controlling polymorphs. [1] 

There are a number of examples in which polymorphic molecules change crystal structure under processing conditions while in 
contact with liquids or solid materials. In these environments, it is difficult to apply standard techniques to identity and predict the 
transformations. Furthermore, little is known about how to control polymorphic forms. 

Common industry practice when formulating a new drug to manufacture in dosage form is to rely on formulations (composition of 
inert additives) that worked with other drugs in the past When this procedure fails (as is often the case) the formulation is changed 
by trial-and-error. The challenge is exacerbated by the tact that the formulation must achieve numerous, possibly competing 
objectives, such as control of chemical stability, disintegration and dissolution rates, polymorphism, crystal habit, and dosage 
uniformity. Because these systems have such complex compositions, and interactions between two or more formulation 
components often lead to unexpected consequences for one or more of the design objectives; there are few reliable, rational 
formulation design rules. Some formulations preserve the correct polymorph, others do not, and the reasons are usually not 
understood. Ihis is a severe barrier in the pharmaceutical industry. Our aim is to develop new tools to give fundamental insight 
into identifying and controlling polymorphism in industrial processes through a molecular-level understanding. 

B. X-ray effraction microscope and other available techniques. 

The Three-Dimensional X-ray Diffraction Microscope (3DXDM) is a new, synchrotron based x-ray technique that allows one to 
isolate scattering from individual crystalline grains in polycrystals (i.e., in an agglomeration of grains of identical crystal structure 
but differing orientations). [2,3] Hie technique uses high energy x-rays (40 - 100 keV) focused to micron scale dimensions to 
penetrate deep inside bulk materials. It is the first technique for watching grain growth and other processes as they occur deep 
inside bulk materials. By imaging diffracted beams, one obtains both crystallographic and geometric information about the 
location, orientation, and shape of individual crystals. Geometric resolution is on the micron scale. 

In this project we will demonstrate that the 3DXDM and related techniques are useful for studies of pharmaceutical crystals in 
solutions and in the presence of binder materials used in pills. It is in these environments that polymorphic changes occur and 
where other techniques are difficult to apply. The 3DXDM gives us the opportunity to "look inside" bulk material and isolate 
detailed information about crystallography and crystal geometry. We will perform proof-of-principle measurements that 
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demonstrate the ability to watch changes take place in individual crystals and we will do measurements that show how, in a 
particular model system, polymorphic transformations are prevented. 

It is apparent from the differences in therapeutic properties of polymorphs of the same molecule that the structures of crystalline 
surfaces are important in determining dissolution rates. Surface structures are also a key to controlling polymorphs by adsorption 
of molecules that stabilize one structure over another. [1] In fact, unwanted polymorphic transformations probably take place due 
to interactions of specific surfaces with liquids, solid binder molecules, and undetected impurities. We will use x-ray reflectivity 
techniques [4] to study surface morphologies in various chemical environments. In this work we will use both the Physics 
Department x-rav scattering facility and micro-focused synchrotron x-ray beams. In the latter case, we will also be able to use 
grazing incidence x-ray diffraction to study atomic-level surface structure and structural changes on adsorption of surface active 
molecules in solution. 

/. KJ. Davey, N. Blagden, G.D. Potts, andR Docherty, "Polymorphism in molecular crystals: stabilization of a metastable form 
by conformational mimicry", J. Am. Chem. Soc 199, 1767-1772 (1997). Reference 10 is this paper is toJ.D. Dunitz and J. 
Bernstein, J. Acc. Chem. Res. 29, 193-200 (1995). 

2. E.M. Laurdisen, S. Schmidt, KM Suter, andH.F. Poulsen, 'Tracking: a method for structural characterization of grains in 
powders or poly crystals", J. A ppl Crvst.. 34. 744-750 (2001) . 

3. H.F. Poulsen, S.F. Nielsen, KM. Laurdisen, S. Schmidt, KM. Suter, U. Lienert, L. Margulies, T. Lorentzen, andD. JuulJensen, 
"Three-dimensional maps of grain boundaries and the stress state of individual grains in poly crystals and powders", J. Appl. 
Crvst.. 34. 751-756(2001) . 

4. B.B. Luokkala, S. GaroffandKM. Suter, "Using x-ray reflectivity to determine the structure of surfactant monolayers", Phys 
Rev. E62. 2405-2415 (2000). 
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Solid Polymorphism 

Chemistry, Manufacturing, and Controls Information 
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1 

2 Guidance for Industry 1 

3 

4 AND As: Pharmaceutical Solid Polymorphism 

5 

6 Chemistry, Manufacturing, and Controls Information 

7 



8 I This draft guidance, when finalized, will represent the Food and Drug Administration 's (FDA 's) current 

9 thinking on this topic. It does not create or confer any rights for or on any person and does not operate 

1 0 to bind FDA or the public. You can use an alternative approach if the approach satisfies the 

1 1 requirements of the applicable statutes and regulations. If you want to discuss an alternate approach, 

1 2 contact the appropriate FDA staff. If you cannot identify the appropriate FDA staff, call the appropriate 

1 3 number listed on the title page of this document — —= — — 



14 

1 5 If you plan to submit comments on this draft guidance, the following suggestions will help 

1 6 expedite FDA review of your comments: 

17 • Clearly explain each issue/concern. You may include a proposed revision for FDA 

1 8 consideration, along with a rationale or justification for the revision. 

19 • Identify specific comments by line numbers. 

20 • If possible, use the pdf version of the document 

21 • If possible, e-mail an electronic copy (Word) of the comments you have submitted to the 

22 docket to ctanmingsd@cderfda.gov. 
23 

24 L INTRODUCTION 2 

25 

26 Chemistry, manufacturing, and controls (CMC) information must be submitted to support the 

27 approval of an abbreviated new drug application (AND A). 3 This guidance is intended to assist 

28 applicants with the submission of AND As when a drug substance exists in polymorphic forms. 5 

29 Specifically this guidance provides: 
30 

31 • FDA recommendations on assessing sameness 6 when the drug substance exists in 

32 polymorphic forms. 
33 

34 • Decision trees that provide recommendations on monitoring and controlling polymorphs 

35 in drug substances and/or drug products. 7 



1 This guidance has been prepared by the Office of Generic Drugs (OGD) in the Office of Pharmaceutical Science 
(OPS), Center for Drug Evaluation and Research (ODER) at the Food and Drug Adininistration (FDA). 

2 This guidance addresses polymorphic forms in the context of ANDA approvals, however, these issues also may be 
relevant for new drug applications (NDA) including the submission of patent information for polymorphic forms of 
the active ingredient pursuant to 21 CFR 314.53(b). 

3 See 21 CFR 314.94 (a)(9); see also section 505(j)(4)(A) of the Federal Food, Drug, and Cosmetic Act (the Act). 

4 For the purposes of this guidance the terms drug substance and active ingredient are use interchangeably. 

5 The terms polymorphic forms and polymorphs are synonymous and are used interchangeably in this draft guidance. 

6 Refer to Section IV for more information. 

1 
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36 

37 If you plan to submit an application in the Common Technical Document (CTD) format, you 

38 may refer to the International Conference on Harmonisation (ICH) guidance, Common Technical 

39 Document — Quality: Questions and Answers/Location Issues, 8 which is available on the 

40 Internet at www.fda.gov/cder/guidance/index.htm. You may refer to Section m.A.3. 1 , 

41 Polymorphism, of that guidance to find the suggested placement of information related to 

42 polymorphism that is important to include when submitting applications in the CTD-Q format. 
43 

44 FDA's guidance documents, including this guidance, do not establish legally enforceable 

45 responsibilities. Instead, guidances describe the Agency's current thinking on a topic and should 

46 be viewed only as recommendations, unless specific regulatory or statutory requirements are 

47 cited. The use of the word should in Agency guidances means that something is suggested or 

48 recommended, but not required. 
49 

50 EL DEFINITION OF TERMS: POLYMORPHIC FORMS AND POLYMORPHISM 

51 

52 We recommend that ANDA applicants investigate whether the drug substance in question can 

53 exist in polymorphic forms. Polymorphic forms in the context of this guidance refer to 

54 crystalline and amorphous forms as well as solvate and hydrate forms, which are described 

55 below. 9 
56 

57 • Crystalline forms have different arrangements and/or conformations of the molecules in 

58 the crystal lattice. 
59 

60 • Amorphous forms consist of disordered arrangements of molecules that do not possess a 

6 1 distinguishable crystal lattice. 
62 

63 • Solvates are crystal forms containing either stoichiometric or nonstoichiometric amounts 

64 of a solvent. 10 If the incorporated solvent is water, the solvate is commonly known as a 

65 hydrate. 
66 

67 When a drug substance exists in polymorphic forms, it is said to exhibit polymorphism. 



7 This guidance is intended to help industry with the most common types of polymorphs. A drug substance may 
exist in many polymorphic forms, but some forms may be rare and not likely to form, For example, in one approved 
drug product, the drug substance can exist in at least twenty polymorphic forms, but in reality only a subset of 
polymorphic forms has the potential to develop under the process conditions used to manufacture the drug substance 
and drug product Therefore, we recommend that you consider only those polymorphs that are likely to form during 
manufacture of the drug substance, manufacture of the drug product, or while the drug substance or drug product is 
in storage. 

8 This guidance is intended to clarify location issues for information submitted to FDA in the CTD format as 
described in the guidance for industry, M4Q CTD-Quality (CTD-Q), August 2001. The CTD-Q provides 
recommendations for applicants preparing the Common Technical Document for the Registration of 
Pharmaceuticals for Human Use for submission to FDA. 

9 Guidance for industry, Q6A Specifications: Test Procedures and Acceptance Criteria for New Drug Substances 
and New Drug Products: Chemical Substances, International Conference on Harmonisation (ICH), December 2000. 

10 SR Byrn, RR Pfeiffer, and JG StowelL Solid-State Chemistry of Drugs. 2 nd Edition, SSCI, Inc., West Lafayette, 
Indiana, 1999. 
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68 

69 m. GENERAL PRINCIPLES OF PHARMACEUTICAL SOLID POLYMORPHISM 

70 

71 A. Importance of Pharmaceutical Solid Polymorphism 

72 

73 Polymorphic forms of a drag substance can have different chemical and physical properties, 

74 including melting point, chemical reactivity, apparent solubility, 11 dissolution rate, optical and 

75 mechanical properties, vapor pressure, and density. These properties can have a direct effect on 

76 the ability to process and/or manufacture the drug substance and the drug product, as well as on 

77 drug product stability, dissolution, and bioavailability. Thus, polymorphism can affect the 

78 quality, safety, and efficacy of the drug product. 
79 

80 B. Characterization of Polymorphs 

81 

82 There are a number of methods that can be used to characterize polymorphs of a drug 

83 substance. 12 Demonstration of a nonequivalent structure by single crystal X-ray diffraction is 

84 currently regarded as the definitive evidence of polymorphism. X-ray powder diffraction can 

85 also be used to support the existence of polymorphs. Other methods, including microscopy, 

86 thermal analysis (e.g., differential scanning calorimetry, thermal gravimetric analysis, and hot- 

87 stage microscopy), and spectroscopy (e.g., infrared 0R] t Raman, solid-state nuclear magnetic 

88 resonance [ssNMR]) are helpful to further characterize polymorphic forms. 
89 

90 C. Influence of Polymorphism On Drug Substance And Drug Product 

91 

92 I. Influence on Solubility, Dissolution, and Bioavailability (BA) and 

93 Bioequivalence (BE) 
94 

95 The solid-state properties of a drug substance can have a significant influence on the solubility of 

96 the drug substance. Since polymorphic forms differ in their internal solid-state structure, a drug 

97 substance that exists in various polymorphic forms can have different aqueous solubilities and 

98 dissolution rates. 13 When there are differences in the solubilities of the various polymorphic 

99 forms, we recommend that you focus on the potential effect such differences can have on drag 
1 00 product bioavailability (B A) and bioequivalence (BE). 14 

101 



11 Apparent solubility refers to the concentration of material at apparent equilibrium (supersaturation). Apparent 
solubility is distinct from true thermodynamic solubility, which is reached at infinite equilibrium time. 

12 H Brittain. "Methods for the characterization of polymorphs and solvates." In HG Brittain (ed.) Polymorphism in 
Pharmaceutical Solids. Marcel Dekker, Inc., New York, 1999, pp. 227-278. 

13 HG Brittain and DJW Grant "Effect of polymorphism and solid-state solvation on solubility and dissolution rate." 
In HG Brittain (ed.) Polymorphism in Pharmaceutical Solids. Marcel Dekker, Inc., New York, 1999, 

pp. 279-330. 

"Bioavailability (BA) is defined in 21 CFR 320.1(a) as "the rate and extent to which the active ingredient or active 
moiety is absorbed from a drug product and becomes available at the site of actioa" Bioequivalence (BE) is 
defined in 2 1 CFR 320. 1 (e) as 'the absence of a significant difference in the rate and extent to which the active 
ingredient or active moiety in pharmaceutical equivalents or pharmaceutical alternatives becomes available at the 
site of drug action when administered at the same molar dose under similar conditions in an appropriately designed 
study." 
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102 Whether drug product BA/BE can be affected by the differences in solubilities of the various 

103 polymorphic forms depends on the various physiological factors that govern the rate and extent 

104 of drug absorption including gastrointestinal motility, drug dissolution, and intestinal 

105 permeability. In this context, the Biopharmaceutics Classification System (BCS) 15, 16 provides a 

106 useful scientific framework for regulatory decisions regarding drug substance polymorphism. 
107 

108 For a drug whose absorption is only limited by its dissolution, large differences in the solubilities 

109 of the various polymorphic forms are likely to affect BA/BE. On the other hand, for a drug 

1 10 whose absorption is only limited by its intestinal permeability, differences in the solubilities of 

111 the various polymorphic forms are less likely to affect BA/BE. Furthermore, when the 

1 12 solubilities of the polymorphic forms are sufficiently high and drug dissolution is rapid in 

113 relation to gastric emptying, differences in the solubilities of the polymorphic forms are unlikely 

114 to affect BA/BE. 
115 

1 1 6 Upon demonstration of in-vivo bioequivalence between the generic drug product and the 

117 reference listed drug (RLD), 18 in-vitro dissolution testing is then used to assess the lot-to-lot 

118 quality of the generic drug product. Drug product dissolution testing frequently provides a 

1 19 suitable means to identify and control the quality of the product from both the bioavailability and 

120 physical (stability) perspectives. In particular, inadvertent changes to the polymorphic form that 

1 2 1 may affect drug product BA/BE can often be detected by drug product dissolution testing. 
122 

1 23 2. Influence on Manufacturing of the Drug Product 

124 

125 Drug substance polymorphic forms can also exhibit different physical and mechanical properties, 

126 including hygroscopicity, particle shape, density, flowability, and compatibility, which in turn 

127 may affect processing of the drug substance and/or manufacturing of the drug product. Since an 

1 28 AND A applicant should demonstrate that the generic drug product can be manufactured reliably 

129 using a validated process, we recommend that you pay close attention to polymorphism and 

130 crystalline habit as they relate to pharmaceutical processing. 19 
131 

132 The effect of polymorphism on pharmaceutical processing also depends on the formulation and 

133 the manufacturing process. 20 For a drug product manufactured by direct compression, the solid- 



15 GL Amidon, H Lennemas, VP Shah, and JR Crison. "A theoretical basis for a biopharmaceutic drug 
classification: the correlation of in vitro drug product dissolution and in vivo bioavailability," Pharm. Res. 12:413- 
420, 1995. 

16 LX Yu, GL Amidon, JE Polli, H Zhao, M Mehta, DP Conner, VP Shah, LJ Lesko, M-L Chen, VHL Lee, and AS 
Hussain. "Biopharmaceutics Classification System: The scientific basis for biowaiver extension." Pharm. Res. 
19:921-925,2002. 

17 The term generic drug product refers to a new drug product for which approval is sought in an ANDA submitted 
under section 505(j) of the Act 

18 See 2 1 CFR 3 14.3 (b) (providing that reference listed drug means the listed drug identified by FDA as the drug 
product upon which an applicant relies in seeking approval of its abbreviated application). 

' 9 Section 505(j)(4)(A) provides that FDA must approve an ANDA if, among other things, the methods used in, or 
the facilities and controls used for, the manufacture, processing, and packing of the drug are adequate to assure and 
preserve its identity, strength, quality, and purity. 

50 DA Wadke, ATM Serajuddin, and H Jacobson. "Preformulation testing." In HA Lieberman, L Lachman, and JB 
Schwartz (eds.) Pharmaceutical Dosage Forms: Tablets (Vol. 1). Marcel Dekker, Inc., New York, 1989, 
pp. 1-73. 
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1 34 state properties of the active ingredient will likely be critical to the manufacture of the drug 

135 product, particularly when it constitutes the bulk of the tablet mass. On the other hand, for a 

136 drug product manufactured by wet granulation, the solid-state properties of the active ingredient 

137 are often masked by the resultant granulation, therefore, such properties of the active ingredient 

138 are less likely to affect the manufacture of the drug product. In the context of the effect of 

139 polymorphism on pharmaceutical processing, what is most relevant is the ability to consistently 

140 manufacture a drug product that conforms to applicable in-process controls and release 

141 specifications. 
142 

143 Polymorphic forms of the drug substance can undergo phase conversion when exposed to a range 

144 of manufacturing processes, such as drying, milling, micronization, wet granulation, spray- 

145 drying, and compaction. Exposure to environmental conditions such as humidity and 

146 temperature can also induce polymorph conversion. The extent of conversion generally depends 

147 on the relative stability of the polymorphs, kinetic barriers for phase conversion, and applied 

148 stress. 21 Nonetheless, phase conversion generally is not of serious concern, provided that the 

149 conversion occurs consistently, as a part of a validated manufacturing process where critical 

1 50 manufacturing process variables are well understood and controlled and where drug product 

151 B A/BE has been demonstrated. 
152 

153 3. Influence on Stability 

154 

155 Polymorphs can have different physical and chemical (reactivity) properties. The most stable 

156 polymorphic form of a drug substance is often chosen during development based on the minim al 

1 57 potential for conversion to another polymorphic form and on its greater chemical stability. 

158 However, a metastable form can be chosen for various reasons, including bioavailability 

1 59 enhancement Since an ANDA applicant must demonstrate that the generic drug product 

160 exhibits adequate stability 22 we recommend that you focus on the potential effect that a 

161 polymorphic form can have on drug product stability. Nonetheless, because drug product 

162 stability is affected by a multitude of other factors, including formulation, manufacturing 

163 process, and packaging, it is the stability of the drug product, and not stability of the drug 

164 substance polymorphic form that should be the most relevant measure of drug quality. 
165 

166 IV. POLYMORPHISM AND SAMENESS IN ANDAs 
167 

1 68 Section 505Q)(2) of the Act specifies that an ANDA must contain, among other things, 

169 information to show that the active ingredient in the generic drug product is the "same as" that of 

170 the RLD. Under section 505(j)(4) of the Act, FDA must approve an ANDA unless the agency 

171 finds, among other things, that the ANDA contains insufficient information to show that the 

172 active ingredient is the same as that in the RLD. FDA regulations implementing section 505(j) 

173 of the Act provide that an ANDA is suitable for consideration and approval if the generic drug 

174 product is the "same as" the RLD. Specifically, 21 CFR 314.92(a)(1) provides that the term 

175 "same as" means, among other things, "identical in active ingredients)." The drug substance in 



21 SR Vippagunta, HG Brittain, DJW Grant "Crystalline solids," Adv. Drug Del Rev. 48:3-26, 2001. 

22 See footnote 19. 
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Polymorphism (materials science) 

From Wikipedia, the free encyclopedia 

Polymorphism in materials science is the ability of a solid material to exist in more than one form or crystal structure. 
Polymorphism can potentially be found in any crystalline material including polymers and metals and is related to 
allotropy which refers to elemental solids.Together with polymorphism the complete morphology of a material is 
described by other variables such as crystal habit, amorphous fraction or Crystallographic defects. Polymorphism is 
relevant to the fields of pharmaceuticals, agrochemicals, pigments, dyestuffs, foods and explosives. 

When polymorphism exists as a result of difference in crystal packing it is called packing polymorphism. 
Polymorphism can also result from the existence of different conformers of the same molecule in conformational 
polymorphism. In pseudopolymorphism the different crystal types are the result of hydration or solvatation. An 
example of an organic polymorph is glycine which is able to form monoclinic and hexagonal crystals. 

An anologous phenomenon for amorphous materials is polyamorphism, when a substance can take on several different 
amorphous modifications. : 
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Polymorphism in pharmaceuticals 

Polymorphism is important in the development of pharmaceutical ingredients. Many drugs are regulatory approved 
based on a single crystal form or polymorph. In a classic patent case the pharmaceutical company GlaxoSmithKline 
defended its patent for the polymorph type II of the active ingredient in Zantac against competitors while that of the 
polymorph type I had already expired. Polymorphism in drugs can also have direct medical implications. Medicine is 
often administered orally as a crystalline solid and dissolution rates depend on the exact crystal form of a polymorph. 

Despite the potential implications polymorphism is not always well understood. In 2006 a new crystal form was 
discovered of maleic acid 124 years after the first crystal structure determination M 

(http://CT.wikipedia.org/wi Maleic acid is a chemical manufactured on a very 

large scale in the chemical industry and is a salt forming component in medicine. The new crystal type is produced 
when a caffeine - maleic acid co-crystal (2:1) is dissolved in chloroform and when the solvent is allowed to evaporate 
slowly. Whereas form I has monoclinic space group P2 1/c , the new form has space group P c . Both polymorphs consist 
of sheets of molecules connected through hydrogen bonding of the carboxylic acid groups but in form I the sheets 
alternate with respect of the net dipole moment whereas in form II the sheets are oriented in the same direction. 

Polymorphism is also established for asperin M (httptfen^ 

#CTdnote_Vishweshwar) A new cr y S tal type was found after attempted co-crystallization of asperin and levetiracetam 
from hot acetonitrile. Form II is only stable at 100 K and reverts back to from II at ambient temperature. In form I two 
salicyl molecules form centrosymmetric dimers through the acetyl groups with the (acidic) methyl proton to carbonyl 
hydrogen bonds and in the newly discovered form II each salicyl molecule forms the same hydrogen bonds but then 
with two neighboring molecules instead of one. With respect to the hydrogen bonds formed by the carboxylic acid 
groups both polymorphs form identical dimer structures. 

Trivia 

McCrone's Law states that every compound has different polymorphic forms, and that, in generaljhe number of 
forms known for a given compound is proportional to the time and money spent in research on that compound. 

http://en.wikipedia.org/wiki/PolymorphismJmaterials.science) 2006/03/14 
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Crystal Polymorphs can disappear. There have been cases of individual laboratories growing one crystal form. They 
then grow a different crystal form, and are unable to make the first form again. Alternatively, they find that they can 
make the first form again but it now converts to the second form over time. The drug Paroxetine was subject to a law 
suit that hinged on such a pair of polymorphs (A link to a discussion of cases in Canada and the US has been given 
below). 
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External links 

. "Small Molecule Crystalization" (http://acaschool.iit.edii/lectures04/jnLiangXtal.pdQ (PDF) at Illinois Institute 
of Technology website 

■ "A discussion of crystal form litigation to devlelop generic versions of 

(http://ww.blakes.corn/en^ 69&DB=blakesProperty) Paroxetine " 
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